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STUDY AND TYPES OF MODULATION 
Radio telephony had been known for several 
years, but it was not until about 1921 that general broad-
casting was introduced. It was the great demand for pro-
grams of an entertaining nature that caused radio engineers 
to study modulation in all its phases. 
Modulation in its simplest form consists of 
the alterations of a radio frequency v/ave by the introduc-
tion of an audio frequency component. 
There are at least two types of modulated 
waves; namely, amplitude modulated, and frequency modulated. 
An amplitude modulated wave may be described 
as follows: 
Fig u re / 
In Figure 1, the portion A to B is the radio frequency 
carrier, or unmodulated wave, whose amplitude is constant. 
The portion B to G has a sine wave of audio frequency im-
pressed upon the radio frequency in a manner that caus.es 
the peaks to be twice the height of the radio frequency 
2. 
wave alone, and the troughs to touch the zero axis. The 
wave then is said to be completely or 100% modulated. 
At the present time amplitude modulation is used almost 
exclusively for A3-*-emission below twenty megacycles. 
A frequency modulated wave may be explained 
as a sine wave whose frequency is periodically varied 
about a mean frequency without increasing or decreasing 
the amplitude. Figure 2 shows a graphical illustration 
of this type of wave. 
f'f.Z 
The portion A to B is a sine wave without modulation, 
while the portion B to C is a complete audio cycle of a 
frequency modulated wave. If f0 is the carrier frequency 
fg is the audio frequency of the modulator, the resultant 
wave contains components having frequencies of f0, f0 -f- fs* 
f0 - fs, f0 -f 2fs, f0 - 2fs, etc. It can, therefore, be 
seen that the band of frequencies is at least as great as 
that of amplitude modulation, and is probably somewhat 
greater. Due to the limited use of frequency modtilation 
at the present, this treatise will be limited to applica-
tions and studies of amplitude modulated radio frequency 
waves. 
General Radio Regulations, annexed to the International Telecommuni-
cation Convention, Article 5, Page 184-5. 
3. 
THE USE OF THE OSCILLOGRAPH IN 
STUDYING MODULATION 
The oscillograph is a very useful instrument 
in the study of modulation, and for that reason a brief 
review of the images obtained is given herein. The figures 
3 to 8, inclusive, show the patterns obtained by use of 
the oscillograph and a brief description of each is given. 
Figure 3 is simply a line across the screen 
along the x-axis, and is obtained by applying the voltage 
of the sweep circuit to the horizontal deflection plates, 
Figure 4 shows a sine wave which is obtained 
by applying a saw-tooth sweep to the x-axis deflection plates 
and a sine wave to the y-axis deflection plates. The number 
of cycles of the sine wave appearing on the screen is direct-
ly proportional to the frequency of the sine wave applied 
to the y-axis deflection plates. In order to have the sine 
wave appearing on the screen stationary for wave study, it 
is necessary to feed a low voltage from the y-axis deflec-
tion plates into the sweep circuit, so that the two voltages 
appearing on the x and y-axis will be harmonically related, 
and that the frequency of the sweep circuit will be an ex-
act sub-multiple of that applied to the y-axis. By this 
method of synchronization any recurrent wave form may be 
held stationary on the screen, 
Figure 5 shows an unmodulated radio frequency 
voltage applied to the y-axis deflection plates with the usual 
sweep circuit voltage applied to the x-axis deflection plates. 
The width of this band, or deflection along the y-axis, is 
4. 
directly proportionate to the voltage applied to the y-axis 
deflection plates, and is independent of the frequency of 
this voltage. The deflection along the y-axis varies with 
different cathode ray tubes from about .4 to about *6 milli-
meters per volt; therefore, to adjust the width of the band, 
it is only necessary to adjust the coupling to the radio 
frequency source. For accuracy in measuring percentage of 
modulation it is helpful to draw five horizontal lines across 
the screen or on a transparent scale just over the screen; 
for example, draw a center line such as A - A', a line above 
the center line such as B - Bf, and a third line C - C' 
twice the height of B - Bf. For wave analysis it is well 
to have an opaque shield covering the entire screen below 
the center line, or a duplicate set of lines, identical in 
spacing to those above the center line, can be drawn as 
B" - BWf, and C"- C!f'. Then, if the band of radio frequency 
voltage is adjusted so that it extends from B - B? to B" - En' 
all is in readiness for the modulating voltage to be applied. 
Figure 6 is 50% modulated, for which the percen-
tage of modulation may be calculated as follows: 
% mod. = emod# - eCar. T 100 
ecar. 
If the height of the peaks above the center line is three 
centimeters, and the height of the unmodulated carrier is 
two centimeters, the following is true: 
emod. - ecar. x 100 = 5 - 2 x 100 = 50% 
ecar. 2 
The peaks should always be the same above the 
5« 
line B - B* as are the troughs below this same line, and 
the envelope should be symmetrical above and below this 
line B - B'. These statements are made under the assump-
tion that a sine wave is applied as the modulating voltage. 
Figure 7 represents the condition when the 
modulating voltage is increased until the radio frequency 
wave is completely modulated. It is observed that the peaks 
are touching the line C - C1, and that the troughs are 
touching the center line A - A1. It will be observed that 
the wave is still symmetrical about the line B - Bf. This 
condition is called complete or 100$ modulation. By appli-
cation of the above formula it is observed that J 
1 0 0^ = ° m o d. - e o a r. x 1 Q 0 - (0 - C ) - (B - B') x 1 0 0 
A -D — B ' 
Bcar. 
or in other words the height of the peaks is twice the 
height of the carrier, or unmodulated voltage. 
Figure 8 shows the all too familiar over-modula-
tion envelope. It is observed that the peaks extend up 
above the line C - CT, and that the troughs tend to cross 
the center line A - A'. Over-modulation is a serious con-
dition which results in distortion of the modulating voltagej 
also the excessive power in the side bands tends to cause 
cross modulation with other services on near-by frequencies. 
(All the above diagramsand descriptions apply to 
theoretical conditions, and are given as an introduction to 
the study of modulation.) 
afrjH 
7. 
METHODS OF MODULATION 
There are numerous methods, or systems, of 
modulation, but it is believed that fundamentally there 
are only three classifications; namely, modulation by 
means of variable circuit elements, modulation of oscilla-
tors, and modulation of amplifiers. 
MODULATION BY MEANS OP VARIABLE CIRCUIT ELE-
MENTS was undoubtedly the earliest form of modulation, and 
to this day it remains one of the simplest; however, in 
most instances it Is limited to very low power. 
V v v \ j / 
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Figure 9-a shows a very simple type of telephone trans-
mitter, while 9-b and 9-c show the high frequency genera-
tor replaced by a vacuum tube oscillator, and a high fre-
quency arc circuit. Figure 9-d shows the most radical 
departure in that the variable resistance element (micro-
phone) is not' in the high frequency circuit, but in the di-
rect current circuit supplying energy for the field excita-
tion of the high frequency generator. Figure 9-e shows 
another method of modulating a high frequency wave. The 
8. 
variable resistance is linked with the high frequency tuned 
circuit by a loop. This was known as absorption modula-
tion, and was very popular for keying an arc transmitter, 
The only disadvantage was that the variable impedance of the 
microphone circuit was transferred to the tuned circuit so 
that the frequency, as well as the impedance of the tuned 
circuit, was varied. All of the above circuits are now con-
sidered obsolete from good engineering standpoints. 
MODULATED OSCILLATORS include almost every type 
of modulation where there is little or no isolation between 
the oscillator and modulated amplifier. This isolation may 
be anything from separation by means of buffer amplifiers, 
to separation by means of shield grids as in the case of 
tetrodes. While the modulated'oscillator is usually of the 
amplitude modulated type, there is nearly always some fre-










Figure 10 shows a portion of an oscillator, plate modulated, 
(Heising system) • The modulated oscillator due to its in-
herent tendency toward frequency modulation is practically 
limited to A2 emission, and for that reason is not consider • 
ed of sufficient importance to warrant further discussion, 
9. 
MODULATED AMPLIFIERS are almost in universal 
use for all types of transmitters employing A3 emission* 
There are three general types in common use: 
G-rid-bias Modulated Amplifiers 
Plate Modulated Amplifiers 
Suppressor-grid Modulated Amplifiers 
These types of amplifiers will be discussed fully in the 
following chapters, 
10. 
GRIP-BIAS MODULATED AMPLIFIERS 
Grid-bias modulated amplifiers are becoming 
very popular for low power transmitters* They are some-
what difficult to adjust, but this difficulty is not 
great enough to be objectionable. Some authors list grid-
bias modulated amplifiers under the heading "Modulation by 
Means of Non-linear Impedances". This term is appropri-
ate, but since the non-linear impedance in this case is an 
amplifier and has amplification for the radio frequency 
carrier, whether or not modulation voltage is applied, it 
is herein listed with the modulated amplifiers. Grid-bias 
modulation requires very little audio or modulator power 
for complete modulation, which is of economic value speaking 
in terms of modulator equipment. It has the disadvantage, 
however, that the plate efficiency, and hence the power 
output per tube, is very low; for example, for a peak 
carrier of 100 watts at 100$ modulation the average carrier 
power will be only 25 watts. This means that to have an 
average carrier of any considerable power, the installed 
amplifier tube capacity must be four times this value for 
complete modulation. This disadvantage, stated above, is 
true for any amplifier amplifying a modulated wave, as is 
the case of the linear amplifier for low level modulation. 
The following figure, figure 11, shows the circuit diagram 
















The diagram shows the output of t h i s modulated amplif ier 
going directly to the antenna, which i s usual ly the case , 
If an addi t iona l amplif ier i s used, t h i s puts two l i nea r 
amplif iers in s e r i e s , which increases the d i f f i c u l t y of 
making and keeping correct adjustments for optimum opera-
t ing condi t ions , 
fy /Z 
12. 
Figure 12 shows graphically; the operation of the grid-bias 
modulated amplifier. This amplifier operates as a radio 
frequency Glass MB" amplifier, as is indicated by the linear 
portion A-B G of the plate current-grid voltage characteris-
tic curve. The amplifier is biased to point P in such a 
manner that when a sine wave of modulation voltage such as 
P' P" is applied to the grid, the peak of this voltage just 
touches the cut-off point A. The radio frequency envelope, 
XY X'Y', is shown altered to YZ Y'Zf, as the bias voltage 
P' P" is varied about a fixed point P. The plate envelope 
X-.Y-, X ' Y ' corresponds to the grid envelope XY X'Y' with-
out modulation, and Y1Z1 Y-^Z^ to YZ Y'Z' with modulation. 
The negative portion of the plate envelope is supplied by 
2 3 
the flywheel effect of the plate tank circuit. It was 
previously stated the grid-bias modulated amplifier close-
ly resembles the radio frequency linear amplifier. This 
is generally true wi-th one major exception. With the 
linear amplifier the bias is fixed, and, consequently, the 
operating angle (that part of the cycle in which the plate 
current flows) is likewise fixed. In the grid-bias modu-
lated amplifier this operating angle is constantly changing 
about a fixed point. To facilitate operating adjustments, 
the amplifier is usually biased a little beyond the cut-off 
point, so that it operates between positions for Class ffB" 
and Class "C", called by W. L. Everitt Class "B '". As a 
summary, the grid-bias modulated amplifier is not highly 
efficient, and its greatest usefulness is for low power trans' 
p 
Henney "Radio Engineering Handbook", Pp.520. 
*Nilson & Hornung "Practice! Radio Communications", Pp. 1.34. 
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mitters. It is also used for C. W. transmitters, which 
have only an occasional use for telephony, and wish to 
economize on the modulation equipment. 
14. 
PLATE CIRCUIT MODULATED AMPLIFIERS 
Plate circuit modulated amplifiers are the 
most popular at the present time* They are almost uni-
versally operated as Class "C" amplifiers, which means 
that the bias is fixed at about twice the plate current 
cut-off value. Class ttC!1 modulated amplifiers are generally 
known to be about 50$ efficient, and are so rated by the 
Federal Communications Commission; therefore, to get 100 
watts undistorted power, it will be necessary to put about 
200 watts direct current power into the plate circuit; for 
example, if the d.c, plate voltage is 1000 volts, the steady 
direct current plate current would be about 200 milliamperes. 
There is a formula given by Prof, F, E. Terman4for the cal-
culation of the undistorted power output of a modulator for 
driving a Class "C" amplifier: 
P = m2 x PQ 
2n 
where m is the maximum percentage of modulation, P0 is the 
carrier power, n is the efficiency of the amplifier (here 
taken as 50$), and P is the undistorted power output of the 
modulator. Thus it is seen that to modulate a 100 watt 
carrier at 100$ modulation, it requires 100 watts of undis-
torted audio power. It was just shown, however, that the 
direct current plate power input had to be 200 watts for 
a 100 watt carrier. From this it is seen that 300 watts 
of power is necessary for a carrier power of 100 watts; 
however, the efficiency is still 50$. The 
F. E. Terman "Radio Engineering", p. 371. 
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additional power required from the audio amplifier contri-
butes the side band power, so that the radiated power in-
creases from 100 watts without modulation to 150 watts with 
100$ modulation. (This increase in radiated power with 
modulation will be explained later in this treatise•) The 
peak voltage of the modulator should be equal to the direct 
current voltage of the modulated amplifier, so that the 
plate current and the output current varies, as the plate 
voltage, from zero to twice the mean value. (The power 
output is directly proportional to the plate power input 
for a Class "C" amplifier.) The Class »C" modulated 
amplifier draws quite a heavy current during the positive 
half cycles, and the plate current wave is sometimes very badly 
distorted, because the plate voltage is sufficient to cause 
saturation on the peak values. This is not detrimental, 
because of the "flywheel" effect of the tank circuit, 
ft'1 J- /3 
n 
16. 
Figure 13 shows the conditions for Class "C" operation 
where A represents the So- - Ir> curve, B the input signal, 
tj 
and C the plate current wave form. 
Another very important factor is the value of 
the load impedance with respect to the plate resistance. 
This ratio Z-r/r should be as high as possible for linear 
modulation, but if it is too high, some power output will 
be sacrificed; therefore, the above ratio should not be 
less than two. Furthermore, ' the impedance matching of the 
load offered to the modulator, with the rated load impedance 
of the modulatoi% deserves some careful consideration. The 
load offered by the modulated amplifier should be constant, 
and can be determined by dividing the plate voltage by the 
plate current. This load should be equal to the rated 
modulator plate load impedance. 
Plate circuit modulated amplifiers are divided 
into two classifications (a) constant current, or Heising 
system of modulation, and (b) the transformer coupled type. 
The constant current, or Heising system, has 
long been a favorite, particularly for transmitters employ-
ing modulation at low level. 
c, 
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Figure 14 shows a diagram of the Heising -system of modula-
tion, The plates of the modulator and modulated amplifier 
are connected together through the radio frequency choke coil 
and plate voltage dropping resistor R1? which is shunted by 
a large condenser C^. The purpose of the radio frequency 
choke coil is to keep the radio frequency energy from getting 
into the audio circuits, while the purpose of the voltage 
dropping resistor R-, is to drop the plate voltage applied 
to the modulated amplifier to such a value that it will just 
be equal to the peak audio voltage from the modulator (a 
necessary condition for 100$ modulation). Thus the same type 
of tubes can be used for both modulator and modulated ampli-
fier. Quite often an auto-transformer is used in plate of 
the constant current choke. This makes it possible for the 
modulator to swing the modulated amplifier plate voltage to 
zero with the full plate voltage. Also there is less danger 
of overloading the modulator in order to obtain 100$ modula-
tion, The large shunting condenser C^ is used in order 
that the maximum amount of audio voltage can "be impressed 
upon the plate of the modulated amplifier without attenua-
tion through Rj_. The importance of having impedance offer-
ed to the modulator match its rated load impedance was 
previously mentioned. The most practical method of accom-
plishing this 'with the Heising system of modulation is by 
the proper selection of the modulated amplifier plate 
voltage by means of the resistance R-j . 
18* 
Below i s a sample ca lcu la t ion for determining the value 
of R1# In t h i s case a 210 type tube was used, Class "A", 
as modulator, with ra ted constants : 
Ep - 425 V P0 = 1.6 watts Rp = 10,200 " 
Modulated amplif ier p la te cur ren t : 
IB = \ / 8 x 1 * 6 = \/ 5.2 = .01775 A = 17.75 MA 
P V 10,200 V10,200T-
Modulated amplifier p la te vo l tage : 
Er, = 2 x 1,6 = 180.4 V P .0177'S 
Two times the power i s used in the above formulas, because 
i t is necessary that the d i r e c t current power to the modu-
la ted amplif ier equal the peak undis tor ted power output of 
the modulator . 
. ' . 425 - 180.4 = 244.6 vol t s drop in r e s i s t o r R1 
R l = g44*S - 15,800 u/ value of R-, 
.01775 1 
The capacity of R1 should be: 
13,800 x-(0.0177$P = 4.3 wat ts , or 5 watts 
Prom the above ca lcu la t ions i t can be seen 
that the load offered to the modulator i s 180.4/.01775 « 
10,200 u/ which i s the r a t ed load impedance for the modu-
la to r tube . The ohmic r e s i s t ance of the radio frequency 
choke should be as low as poss ib le . The value of the con-
s tant current choke cannot be determined quite so r e a d i l y , 
but i t i s suf f ic ien t to say tha t i t should be large enough 
tha t the d i r ec t current load on the power supply does not 
change when modulation i s applied. This condi t ion can very 
19* 
easily toe determined by placing a milliameter of sufficient 
capacity in the high voltage lead between the power supply 
and the constant current choke. 
The transformer coupled system of plate modula-
tion is usually used with a Class HB" modulator, and for 
that reason will be explained from the standpoint of Class 
,!BM operation. The modulated amplifier is of the Class 
"C" type, as was used with the Heising system of modulation, 
/I #S 
fiS. /s-
Figure 15 shows a typical circuit used with the transformer 
coupled system of modulation. This diagram shows a balanced 
modulated amplifier used with a Class f,Bf! modulator. This 
combination Is quite often used, as all four tubes are of 
the same type and have the same plate voltage applied to 
their plates. With the Class "B" modulator, operating 
at audio frequency, it is necessary to use two tubes In 
push-pull for the reason the tubes are biased to cut-off, 
and consequently each one passes only one-half of the cycle. 
By putting two of them in push-pull, each one passes one-half 
20. 
of the cycle, or together they pass the entire cycle. 
This is shown graphically by Figure 16. 
The main advantage of Glass f,B" operation is that with two 
tubes operating push-pull, the undlstorted output is exceed-
ingly high., while the plate current is comparatively low, 
because only one tube is drawing plate current at a time, 
and then only in proportion to the signal input. The Class 
"B" audio amplifier, or modulator, will give practically 
distortionless outputs of great volume, and do it economi-
cally in so far as plate current is concerned, and also as 
far as filament current is concerned there is no practical 
reason why all Class "B" audio amplifier tubes could not be 
built with both tubes in the same envelope, using the same 
filament, as only one plate is attracting electrons at any 
21, 
one time* The transformer coupled system of modulation 
does not have a current limiting device such as the Heising 
choke, hut depends upon the induction of the transformer 
to swing the modulated amplifier's plate voltage to zero 
for 100$ modulation. Obviously this Class "B" modulation 
transformer is the very heart of this system of modulation. 
Not only must it have the proper turns ratio for correctly 
matching the impedances, but the tapped primary must be per-
fectly balanced or either the positive or negative peaks 
will be distorted. It must also be capable of handling 
considerable power, but must do so without giving rise to 
distortion within the transformer itself* Below are. given 
some sample calculations for determining the proper turns 
ratio of the modulation transformer. Assuming that type 
10 tubes are used with balanced modulated amplifier and Glass 
"B" modulator, the necessary Class "Bu operating data are: 
E p - 600 V. Ip n 153 MA. RL . 8000 ̂  • P,i - 57,5 W.(output) 
Again it is mentioned that the rfid.dulatbr' power 6ut.putois "only 
about onê -halLf 6f "the (BC:)ppw&r(in^ut. to the modulated amplifier 
Plate current (modulated amplifier): 
^ i 2 2 x h' - 2 x 57*5 s •192 A 
E £ ™ - 600 
Modulating impedance (offered by modulated amplifier to the 
transformer): 
Zm . E p s 600 - 3130 u; . 
I„ .192 
22. 
The rated impedance of two type 10 tubes operating Class 
"B11 is 8000u; . The transformer will, therefore, have to 
have the proper turns ratio for matching these tvfo impedances. 
The turns ratio will be the square root of the impedance 
ratio, or 
That is, a step-down transformer is required with 1.6 times 
as many primary as secondary turns. The primary will 
have to be tapped at its exact electrical center, and the 
transformer will have to be of sufficient size so as to 
handle the 57.5 watts with reasonable efficiency. As a X 
summary, the plate system of modulation is. advantageous 
for several reasons; it is highly efficient, particularly 
when used with a Class HBtt modulator; it can be used for 
high percentage of modulation with low distortion; and 
adjustments are relatively few and simple, 
23. 
SUPPRESSQR-G-RID MODULATED AMPLIFIERS 
Suppressor-grid modulation is without a doubt 
the newest and simplest of them all. It is a compromise 
between the grid-bias modulation and plate modulation. In 
some respects it resembles the grid-bias type in that with 
a completely modulated wave the rated carrier power is only 
about one-fourth the plate input power; however, more audio 
power is required for complete modulation than is the case 
for the grid-bias system because the location of the 
suppressor-grid is farther from the cathode than the control 
grid. 
Figure 17 shows a diagram of the suppressor-grid system of 
modulation. This diagram shows a tttri-tetw oscillator with 
suppressor-grid modulation. 4s this circuit was used in 
most of the experiments in obtaining data for this 
thesis, it will be explained somewhat in detail* The 
tube used was a type 59, which functioned as a crystal 
control oscillator, buffer amplifier, and modulated am-
plifier. This tube was chosen in preference to the RK 
20 type of tube, because all the information regarding 
suppressor-grid modulation could be obtained with it, and 
the power output was not of importance• The circuit 
consists of four fundamental divisions, which are classi-
fied as follows: the crystal oscillator grid circuit is 
represented by R^ and X, R± being the grid leak; the 
resonant circuit, which normally would be the plate cir-
cuit of a triode oscillator, is represented by. L^ and C-,; 
the power amplifier tank circuit is represented by Lg 
and Cg; and T-̂ , together witn the suppressor, is the mod-
ulation circuit* 
Figure 18 shows the dynamic characteristic 
curve of the plate voltage versus plate current. It 
is noted that this curve is very similar to the 
Ip - Ep characteristic curve for the triode in 
that it is practically straight except at the ex-
treme lower end where it approaches zero. 
In Figure 19 the suppressor-grid voltage 
vs. plate current curve is practically straight 
25. 
over the greater part of the curvefr its similarity 
to the suppressor-grid voltage versus radio fre-
quency tank current curve, as shown in Figure 20, 
should be noted* It should also be noted that the curves 
cross the axis of zero bias near the top* One 
very important item in consideration of the similarity 
of the two curves is the proper point to set the suppressor-
grid bias* Obviously it is desirable to set the bias. 
near the middle of the straight portion of the 
curve* It is noted from observation of the two 
curves that the middle of the straight portion 
is approximately forty-five volts (negative). Some 
authors arrive at the same point of proper suppressor 
grid bias by applying positive bias until the maximum 
amount of antenna current is obtained, and then applying 
negative bias until exactly half this amount of antenna 
current is indicated* The operating point must be 
placed in the middle of the straight portion of the 
characteristic curve if maximum percentage of mod-
ulation is to be obtained with little distortion* 
From observation of the curve of Figure 20, however, it 
s seen that it is not desirable to try to obtain com-
plete , or 100% modulation, as that would mean driv-
26. 
ingthe plate current to absolute zero, and it can be seen 
that the lower portion of the curve departs considerably 
from a straight line. It goes without saying that to have 
a distortionless modulation the curve should be perfectly 
straight to the zero axis. It is also interesting to note 
that from curve of Figure 20, the maximum percentage of 
modulation with reasonably little distortion can be calcu-
lated. 4s was previously stated, the proper bias should be 
about (negative) forty-five volts. The curve reaches a peak 
of 322 milliamperes without greatly departing from a straight 
line. This peak occurs at a positive voltage of fifty volts, 
which makes the suppressor-grid swing in the positive direc-
tion the algebraic difference between these two voltages, 
or ninety-five volts. The swing in the negative direction 
would be the s ame amount, or from negative forty-five to 
negative one hundred forty volts; therefore, the total grid 
swing is from positive fifty volts to negative one hundred 
forty volts, or a total of one hundred ninety volts. 
The radio frequency tank currents corresponding to these 
suppressor-grid voltages are taken from the curve and are: 
50 V = 322 MA 
- 45 V = 155 MA 
- 14Q V = 19.5 MA 
It can be assumed that the radio frequency voltage across 
the condenser is proportional to the currento We can now 
calculate percentage modulation by applying the formula 
previously cited: 
27. 
Bmod* ~ Scar. y %nn = <£ mod, 
E 
-. c ar. 
For the purpose at hand this formula will be changed to 
the following: 
On positive peak, % mod. " I ,. «? I, 
"max. >ave. ', x 100 
•ave. 
On n e g a t i v e peak, $ mod. » ^ave . ~ ^min» 
^ave. 
x 100 
Average mod., on positive and negative peaks, 
^max.^" ^-min# x ̂ QO 
2Tave* ... 
Substituting numerical values: 
m « 522 - 19.5 ^ ion 
••?•( 1 5 5 ) 
97.5$ 
This degree of modulation is not without some distortion, but 
it is about the highest percentage of modulation that can be 
had with limited distortion* It was previously mentioned 
that less modulator voltage was required for suppressor-grid 
modulation than for plate modulation. This can be shown 
mathematically by reference to curves of Figures 20 and 21. 
First, referring to the curve of Figure 20, it is observed 
that to change radio frequency tank current from 100 MA to 
000 MA it requires (-77) - (-20), or 57 volts change, a# 
applied to the suppressor-grid* Secondly, by observation of 
the curve of Figure 21, it is noted that to change from 100 
MA to 200 MA, it requires 402 - 22S, or 17-4 volts, as applied 
to the plate. It can be said that the amplification factor 
of the tube from suppressor-grid to plate is 174/57,, or 3.055; 
or another way of stating the same thing is that only 52.2$ 
of the modulator voltage is required for suppressor-grid modu-
m*m 
28. 
lation as compared to plate 

Data for Figure 18» 30. 
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S 435 8.4 210 3.92 
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410 8.0 180 3.25 
400 7.85 170 3.02 
i 
390 7.6 160 2.85 
380 7.4 150 2.6 
i. 
370 7.2 140 2.4 
I 360 7.0 130 2.17 . I 
I 350 6.85 120 1.9 
340 6.65 110 1.65 
330 6.45 100 1.4 
320 6.22 90 1.1 
m 310 6.1 80 .9 
300 5.85 70 .7 
290 5.62 60 .5 
280 5.4 50 .35 
270 5.2 40 .22 
260 5.0 . 30 .12 
250 4.82 20 .082 
240 4.6 10 .037 
m'' 230 4.35 5 .015 
220 4.15 
^Bu 
.' . H 
i $ 3 * 
^Wyj«»4/*^/4ji I ^"7^ i -. \ - i...' d 
Data for Figure 19• 
32. 
E p = 300 V 
t ""sup g XP 
V MA 
0 8.9 
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Data for .Figure 20* 
= 80 % s p ;"•*• sod v 
# 
34. 
sup g $C ' -nbank Esup g T(T ^tanic 
T # 6 3 m ••'..' V * ; V - # 8 4 M A •'• '"••; 
$ ao i0fifi 307 .: - 90 ;-V ; : 'v 1 .83 7 8 
70 1*79 311 100 1.16 61 
60 1.9 320 110 
, ' . . . . . . ' • - . • 
. 7 1 5 m 
50 1 .93 322 
• • - • • • - • ' • . • 
120 *41 3 5 . 8 
40 1*§4 3 1 7 . 5 130 . 2 2 26*5 
30 1.67; 300 ,• -: -..i^o;; \ * i i 1 9 . 5 
2 0 1*49 285 . ' £50* .05 13*2 
10 1 .305 267 .040" . 0 3 11 
. . 0 W l 2 4 4 v $ ? 6 #016 8 . 5 
- 1 0 . 9 1 219 
: \ / \ 1 8 Q . 010 | l | 
20 .76 200 
30 . 6 3 5 182*5 
. . . W ' " "' •' • • « £ & • 
40 
50 
. 5 0 
. 4 1 
1 6 2 . 5 
147 
; - : ^;c:v•>••• : - . • • • : . / • •- . ;>•. . ;%, ; " - V - A 
H,:t^-.S':-;,"t::.T- 'V-..^- • ' • "^ 
. ^ • V • '. - . • • • j £ • • 









80 .17 95 
• • • • ; • • 










Note: Boa. §3 and. 84 are reference numhers of the 
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Data for Figure 21 • .. • 
s - 45 f 
-,;; 
^thermocouple* 
Mote: Uos# 63 and84 are reference numbers of the 
thermocouples used in this experiment* 
T? a 4-80 V 
w . 










.27 119 . 
.215 107 
.17 
























THE EFFECT OF MOBULA'̂ ION IE 
INCREASING THE CURRENT OR 
-fc r PQ1ER I I THE VARIOUS CIRCUITS 
jjg "v 
* g t • • . 
I t Is i n t e r e s t i ng t o observe the changes in 
the various c i r c u i t s as the r e s u l t of modulation. An ex-
ample of one of these changes i s the power inc rease . If 
the assumption i s made that two a l t e rna t ing current voltages 
are used to modulate a d i rec t current vol tage, then a mathe-
matical explanation of the power increase can be made by 
Taylor 's s e r i e s . 
Let: 
E • EQ -+- E-^sinxv t -h Eg sinV t 
where^E i s the r e s u l t a n t or vec to r i a l vol tage , 
EQ i s the d i r e c t current vol tage, 
Ei i s the r a d i o frequency voltage (f = 1000 k i locyc les ) , 
Eg i s the audio frequency voltage (f = 1000 c y c l e s ) . 
Also> as the modulator i s a nonlinear device, for c loser 
approximation there should be added a parabolic or squared 
term as follows': 
I = IQ + Cx (1 - E0) -f- Cg (E - E 0 )
2 
Now subs t i tu te for E in the above equation the value of E 
previously given and obta in: 
1 = Xo •+ C l C\ + E l sinu>t + Eg s i n / ' t - \)-h 
Cg (\+- Ej^sin^t-^ Eg s i n / ° t - E^ ) 8 
Expanding: 
I = IQ•-+- G1 ( ^ sin*/ t + Eg sin/» t)-P 
Cg ( E 8 s i n 2 ^ t -t gE-j^Eg'sin^t s i n / ' t +- Eg2 s i n 2 / ? t ) 
- • • - - % : > 
| 
38. 
By t r i g o n o m e t r y : 
m^ © = l- - cos 29 
W' : 2 
2 # . s i n u>t = i - cos 2 ^ t 
& s in /> t = 1 - cos 2..fit, 
2 
St ib s t i t u t e t h e s e v a l u e s in the equa t ion fo r I and o b t a i n : 
I = I 0 -h G1 (E-ĵ  s i n ^ t -t- E 2 s i n /° t ) -/-
C2 [ B l 2 (J--* oos 2<"tN op „ . , . 
o ——) -f- '=^1^2 s i - n M / t s l n / * t -f-
B22 (1 - c o s 2fi±J-
= I 0 + G1 (E 1 s i n ^ t -f- Eg sin fit) + 
Gg Ex2 E-2 
"~g ~ -£*" c o s 2 ^ 1 5 "*" %®i&2 s i n ^ t s i n / ^ t f 
E 2 2 ^2 cos 2 / ° t 
2 2 
Also by trigonometry: 
cos {UJ - /° ) t « co'S-'^t c o s ^ t + s i n ^ t s i n ^ t 
6c cos {ca-f- /° )t = c o s y r a o s / ' t - sin**'t s i n / ^ t 
Sub t rac t and o b t a i n : 
cos (^ - -fi ) t ~ cos ( o/-f-/» ) t = 2 s i n u / t s i n / * t 
or cos (^ - /° ) t - cos { & -h fi )t 
—-— -g " —— ~ - s i n ^ t sin fit 
. *. I = I 0 +- C^ (% s l n ^ t . + Eg s i - n / « t ) + . 
G ĵ [ E - t ^ E-i **-
-1- CO S 2 <~ t -h 
3kfehh 
S E ^ g (oos (<* -/» ) t - cos (>»/•* /V)ty E 2 E, 
cos 2 />t i 
" ^ i . ft 
—— '•••: • • •. " • ' . • " • . ' . ' ' . . ' • • : : : : • . ! - • 
•i: 3 9 . 
j•'•••••«. % ^ i ^ l ' ( % * i £ * > t - f - : % s i i f ^ t r H ^ 
^ fc2 " % 2 cos 2 ^ t f-£%E2 cos I*/- ^ ) t * 
- : :• / •• m-^2 tm iw tj0 ^ * % s ~ %2 c o s ̂ Kf|l 
I0 can be neglected as it is a direct current component* 
Also the double frequency terms involving 2^ and 2/> can be 
neglected as far as this discussion is concerned. 
Then 
I - Ga (E^ sln^/t E2 •'sin/' £} V-
2s 
2 
J El2 f- 2%% C 0 S ^ ""Z7 ) ^ * 
2 % % c o s iw-l-7* )t . Eg2/ 
I t vis noticed there are two direct current terms which 
have appeared and can also be neglected. 
Therefore: 
"^ •• •"•'/•••.••":• ' ? . . ' > - - ^ : * ^ : 4^f •• - v - ^ - ';•: i u t f 1 ' ? ^ ; . - • . . • • '":—:;./.• 
I = Ĉ  (% sinn/1 # Eg s in/ ' t ) 
J£ i'SE^g e.o:s ,fc.;-/ )t - 2 1 ^ cos ( w+f ) t j 
-- C i {% s i n ^ t -/- Eg s i n ^ t ) - f -
C2EiEg.[Goa•U'- /.H - cos (.*»*•> ) t j . 
Assume ^/ * 1, 
Wr 




ywm^J c y c l e s 
• • . , • . • 
1,000 cycles 
The • tuned.-- circuits wi 11 eliminate a l l frequencies except 
ste&hW 
^ f t ^ ^ y ^ ^ ^ ^ i or 1,000,000, 990,000, and 1,001,000 
^• ̂ y u> J . CJ D # $&•. 
• • 
' 
.- • ' • ••• v 
•,V :-"..-.;"- .'?:̂ -:f?'''': ,̂ :-.:.."'" -;**:%r'--•;«;,•. ,*^s. . ^ ^ - ^ w ^ ^ y - ^ r ^ > ? 3 r i ^ 
40. 
The 
• i . / , 
s i on wi 11 "b e c ome: & • • • • « 
I " . • c ^ . s i n * / t .'.* GgE^g, £ c o s ( * / - / « ) t - cos \&+> ) t j 
low suh s t i l t i n g back : :. 
cos (.*> - /> j t .-* cos .'I-.***-*-/* ) t = 2 s i n i ^ t e i n / » t 
I = G ^ sine*/1 ^ S e ^ i & g ( s l n ^ t s i n / » t ) 
3 G1E1 sinu/ t ( l ^ 2 § 2 E g s i n / ° t ) 
T" 
The term 2GpEp i s a c o n s t a n t c a l l e d the modulat ion f a c t o r . 
. • I s G]_E-]_ s i n w t (1V- m s i n / ' t ) 
Now i f m i s equa l t o u n i t y , or 100% modula t ion , then 
4E = G^E^ s i n ^ t (IV- s i n ^ t ) 
And i f t h e i n s t a n t wer;© taken when bo th s i n u / t and s i n / ' t 
a re maximum, the pe ak c u r r e n t would b e : 
I = C ^ x 1 [ I f 1) 
C-IE-I x 2 
: : . 
"v* 
- 2G-iE-i 
Therefore , the i n s t a n t a n e o u s peak c u r r e n t would be twice 
the va lue of the unmodulated peak c u r r e n t . In a s i m i l a r 
manner i t can be showii the i n s t an t aneous peak vo l t age Would 
be twice t h e u n m o d u l a t e d peak v o l t a g e , and i t i s a l s o q u i t e 
ev iden t t h a t t h e I n s t aht an ecus peak power i s four t imes as 
g r e a t as the unmodulated c a r r i e r power* 
The c a r r i e r and the two s ide bands r e p r e s e n t 
t h r e e d i f f e r e n t f requency components. The b a r r i e r may be assumed 
i^have.at ieffect ive va lue of one and each of the s ide bands 
41* 
f 
an effective value of one-half. The square root of the 
sum of the squares of these effective current (or voltage) 
values would be: 
y • 
I = Vl
2H- .52 4- .52 
y 1 -f- .25 4. .25 
^iTs" 
i % 
s J.. <J(JD 
The power varies directly as the square of the effective 
current; therefore 
P = 
"• 1 «2<o5 R 
= 1.5-R 
Bo the effective power in a 100$ modulated wave is 1.5 times 
the power of an unmodulated wave, and the instantaneous peak 
power in a 100$ modulated wave is four times the average 
power of an unmodulated wave. 
It was stated previously that the frequencies 
desirable for transmission were 1,000,000, 990,000, and 
1,001,000 cycles. Of these, the first is the original 
radio frequency introduced (known as the carrier), the power 
jfor which is supplied by the direct current input to the plate 
of the modulated amplifier. The other two frequencies are 
known as side bands, and are the intelligence bearing por-
tion of the signal. These side band frequencies are equal 
t o ^^z0 , and are equi-distant from the carrier. The 
power in the side hands is supplied by the modulator in 
plate modulated amplifiers, while in both grid and suppressor ... 
grid modulated amplifiers the total radiated power is supplied 
w 
' • . • 
i 
40. 
by £2a© d i r e c t c u r r e n t : I#put t o the modiilate^ a m p l i f i e r * 
for a l l t ypes of g r i d modulated a m p l i f i e r s i t I s n e c e s s a r y 
t o have about four t imes fee i n s t a l l e d tube c a p a c i t y for 
100% modula t ion a s t h a t r e q u i r e d f o r t h e c a r r i e r a l o n e ; 
t h e r e f o r e , i t i s necessa ry | o have a much l a r g e r i n s t a l l e d 
tube capac i ty fo r l i n e a r and g r i d modulated a m p l i f i e r s than 
for h igh l e v e l p l a t e modulated a m p l i f i e r s . 
I t i s a we l l known f a c t t h a t t he antenna 
c u r r e n t i n c r e a s e s abottt 22»5% When the pe rcen tage of modula-
t i o n i s changed from zero t o 10.0%• The r e a s o n for t h i s i s 
t h a t f o r a comple te ly modulated wave the power i n the s ide 
bands i s 50% of t h a t i n the c a r r i e r , namely, 25% i n the 
upper s ide band and 25$ i n the lower s ide band, and the 
t o t a l power radia / ted i s 150% of t h a t i n the c a r r i e r w i th no 
2 
modula t ion . The antenna power equals 1 R, t h e r e f o r e , t h e 
| i n c r e a s e i n c u r r e n t a lone would be the square r o o t of 1*5, 
1 . 2 2 5 : , . which g ives a d i f f e r e n c e of 22 .5$t due t o 
nodula t ion . This I s a l so expressed by the formula: 
m - 2 (
 Im 
2 
- 1 ) 
where m = percentage of modulation, 
:\ . 1^ p antenna current with modulation, 
I • antenna current without modulation. 
Another way of writing this same expression is: 
I, 
• • • - • 
-M •v i { • £ 2 + 1 ) 
F igure 22 shows a curve with percentage of modula t ion 
p l o t t e d a g a i n s t an tenna c u r r e n t i nc r ea se "in percent . : As 
- i 
'̂ *fe 
WFwm®^~' ; . - • • — • *•>=£,*_ 
is indicated in this figure, the smooth curve indicates 
the mathematical values, while the circles indicate the 
* ^ b . • • • 
experimental values obtained.•" The cathode ray oscillo-
graph was used to determine the percentage of modulation. 
This method is fairly accurate for the higher percentages 
•of modulation. 
It was stated above that the radiated power, 
or the power in the antenna, increased from 100$ to 150% 
when the percentage of modulation was increased from zero 




where P^ = percentage of radiated power, 
m = percentage of modulation. 
Figure 23 shows the relation for the various percentages of 
modulation as plotted against percentage of radiated power. 
For a transmitter rated at 100 watts with 100% modulation, 
the actual radiated power is 150 watts. It is very important 
for a broadcast station to have as high a percentage of 
modulation as possible, but not too high if distortion is to 
be avoided* For high fidelity there must be little or no 
distortion. The reason for having as high a percentage of 
modulation as possible is twofold; first, is the 
actual increase in radiated energy, which means a greater 
primary coverage area; and, second, of even.greater impor-
tance, is the fact that the actual intelligence is carried by 





hands is shown in Figure 24, with the radiated power in 
the side hands calculated as the percentage of the total 
jagg 
radiated power. For 100$ modulation the power in the 
side hands is one-third of the total radiated power. 
: • • • • ' . * . • • • - . ' • • • • . ' * • : • ; • ' • " • • - • • . . . . ' • • • 
Figure 2$ shows the detector plate current in-
crease in percentage versus percentage of modulation. The 
mathematical formula for this is: 





• ..- i i 
where I« is plate current with modulation, 
I is plate current without modulation, 
m is percent of modulation. 
As will he noted from the curve, the detector plate current 
increase for 100$ modulation is 50%, or the plate current 
when the modulation Is 100$ is 150$ of that with no modula-
tion, It is observed that this curve is Identical with 
that of Figure 25, except that the curve of Figure 25 was 
plotted for 100$ plus the values. It can be stated that the 
detector plate current is directly proportional to the power 
radiated, from which it is evident that the detector used 
was a plate circuit detector. The detector used to establish 
these facts was a type 30 tube with cathode resistance for 
self bias. 
. The study of audio power requirements for modu-
lation is shown in Figures 26 and 27. A General Radio volume 
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- v . 
u&ed% figures 26 and 2# show tfre audio power in decibels 
as ordinates against percentage of modulation as abscissas. 
The curve of figure 2% is plotted on. semi-log'rithmic gaper; 
It Is noted that in general the points follow a straight 
line. The probable reason why more of the points did not 
• lie on the curve was the difficulty of accurately determin-
ing the percentage of modulation* The absolute accuracy 
of determining the percentage of modulation with an oscillo-
graph is only about 10%, and this accuracy is on-ly true of 
the higher percentages of modulation. It is noted, from 
i&igure &6 that at zero level the percentage of modulation ' 
.s alDout, four percen t . , 
-
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47 . 
D a t a f o r F i g u r e 22 
• 
ANTENNA CURRENT 
- • M a t h e m a t i c a l V a l u e s 
hi • . ' : 
• 
$ Mod. Unmod. Mod. 
MA MA 
100 3 7 . 2 4 5 . 5 . 
90 3 4 . 2 5 40*5 
; 8 0 3 5 . 1 4 0 . 1 
70 3 5 . 9 4 0 . 
• 6 0 3 4 . 5 37*5 
! 50 -" 3 6 . 8 3 9 . 2 
40 3 6 . 5 3 8 . 
| .30 3 6 . 5 3 7 . 2 5 
20 3 6 . 9 3 7 . 3 
; 10 3 1 . 7 3 1 . 8 
0 3 5 . 3 5 . 
m = /2{ W - 1) 
V err ) 
- • • • . . • - • 
. ' - - • - • • I n c r e a s e 
2 2 , 3 
1 8 . 2 5 
I T . <&0 
11 .4 
8 .7 
6 . 5 2 
4 . 1 1 
2 .06 
1.08 
. 0 3 1 
0 
% I n c r e a s e 
2 2 . 4 
1 8 . 5 
1 4 . 9 
l l . B 
8 .6 
6 . 1 
3 . 9 
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Bata for: Figure 23 
• 
mm^mp PQWEK 
; ' • . • • ; • • • • • • 
MatMmatieai Values 
Jm - Jt+J£2 X 100 
Mod. IJnmod. .: Mod. « % Inerea&e 

















2 3 5 3V28 
2*44 2.88 
2 .78 3 .15 
2 .73 2.96 
2 .73 2*84 
2.79 2.85 
2.06 2.Q7 
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5 7 . 
OVgRliJ&jPOIATIOH 
•^t#8 
So far in this treatise very little has been 
•jr 
said about ove modulation except that it was something to 
be avoided* &s a starting point it is well to define what 
is meant by the term "overmodulatlon". The term itself 
means that the percentage of modulation is too high. Many 
transmitters cannot be modulated up to 100$ without serious 
distortion, and no transmitter can be modulated greater 
than 100$ without distortion. To modulate any transmitter 
to such a degree that serious distortion results is con-
sidered overmodulatlon. 
It has been impossible to accurately determine 
the percentage of modulation because adequate equipment has 
not been available. The most accurate type of equipment 
available has been the cathode ray oscillograph, and this 
type was only accurate to about 10$ on steady tone, or 
perhaps about 20$ on speech or music. With this oscil-
lograph it was difficult to determine whether 90$, 100$, 
or 110$ modulation was being obtained. 
Standard engineering practice has been to set 
the volume control so that it "peaked" at the maximum de-
sired "level" about once every ten seconds. This practice 
was adopted to avoid "over-riding" (trying to adjust all 
peaks to equal amplitude) the gain control of the speech 
amplifier, a practice which tends to destroy the natural-
ness of music. All peaks are not of equal amplitude 
to begin with, and to make them so in transmission 
would introduce distortion* It might he well to mention 
• '-'•'• • • ' • 
thit there has been placed on the market recently a type of 
vacuum tube voltmeter with an extremely high speed indicator, 
which effectively follows the audio envelope, and is said 
to have a high degree of accuracy. 
58. 
59. 
MEASUREMENT OP DISTORTION 
AS A FUNCTION OF MODULATION 
With all.the interest in high fidelity and 
high percentage of modulation now prevailing, it is 
interesting to observe the distortion at the various 
modulation levels, particularly close to 100$ modula-
tion. For these experiments the General Radio equip-
ment owned and operated toy W. J. Holey, Consulting Radio 
Engineer, was borrowed and operated under his direction. 
OJC. 












Figure 28 shows a block diagram of the set-up 
for the entire distortion measuring equipment. The audio 
frequency used for these experiments was 400 cycles, ̂ hioh 
is standard for this use. The output of the oscillator 
was passed through a filter, which filtered out everything 
except the 400 cycle sine wave. This sine wave was next 
amplified by the audio amplifier, which in this case was 
also the modulator* The volumn indicator indicated the 
• - " ' ' • • . ' ' ' -
audio level as delivered to the input of the suppressor-grid 
modulated amplifier* The antenna coil served as pick-up for 
the circuit feeding the cathode Fay oscillograph and linear 
. 




detector. The output Of the linear detector was fed into 
the 400 cycle filter -which filtered out only the funda-
mental or 400 cycles, allowing other frequencies to pass. 
The signals getting past the filter were amplified and 
indicated on the copper-oxide rectifying type meter. As 
a brief review, it is easy to see that if an audio fre-
quency in the form of a pure sine wave is fed into the 
speech input of a transmitter,, and the output of the trans-
mitter is rectified by a linear detector, and then the 
original audio frequency filtered out, all that remained 
would be distortion or something added by the transmitter, 
Several runs were made, the averages taken, 
and the following data compiled: percentage of modulation 
on negative peaks, percentage of modulation on positive 
peaks, input level in D,B,, and percentage of distortion. 
It was noted that the percentage of modulation was not 
necessarily the same for the negative as for the positive 
peaks. This condition existed because of distortion and 
the inaccuracy of measuring the percentage of modulation 
for each peak. The curve of Figure 29 shows that although 
the points did not all fall on a straight line there were 
none very far off, 
Prom the curves of Figures 30 and 31 it is ob-
served that the audio power required is a logrithmic function 
of the percentage of modulation. It is also noted that the 




The reason for t h i s was t h a t the audio ampl i f ier , that had 
eviously been used as modulator, had been dismantled, and 
IBb suff ic ient power was not a t hand to modulate the ampli-
f i e r up to 100$. The l inea r detector used for these exper i -
ments was, designed for t r ansmi t t e r s of high power, and for 
t ha t reason was not su f f i c i en t ly sensi t ive for a t r a n s -
mi t t e r of such low power r . As; a na tu ra l r e s u l t - t h e coupling 
to the tank c i r c u i t had to he made very close so t h a t the 
t ransmi t te r was unduly loaded. I t was bel ieved tha t for 
t h i s reason the d i s t o r t i o n was high. 
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Pos . Peaks 
Input Level 
-f-BB* 
D i s t o r t i o n 
% 
10 7 . 5 7 . 5 1 .5 
20 1 8 . 13.5 1.5 
30 25.5 1 7 . 1.9 
40 34.5 20.5 1 .3 
50 4 7 . 22.5 1.9 
60 6 3 . 24.5 2.65 
70 7 2 . 2 6 . 3.65 
80 8 0 . 27.5 6 . 1 
90 8 8 . 3 1 . 11 .1 
At 90% mod. E 
P 280 V 
Ip - 7.5 MA 
E. 70 V 
# D.B# readings in volts rather than power. 
• 
AFPMDIX A 
. V ' - ' V ^ " ^ ^ ^ 
6 7 , 
AHAI#£ATION: OP A SIME WAVE BY 
FOURIER'S SERIES i 
• ; ^ * > -
SS& 
- . • . ' . - • ' -
. : • • • 
I t i s i n t e r e s t i n g t o c a l c u l a t e t h e d i s t o r t i o n 
of t h e a u d i o f r e q u e n c y wave a s d e l i v e r e d b y t h e m o d u l a t o r . 
Any p e r i o d i c f u n c t i o n s u c h a s a a i n e wave c a n b e represented: 
by the u s e of F o u r i e r ' s s e r i e s a s f o l l o w s : 
y - kj_ s i n 9 f- Ag s i n 29 -\-A3 s i n 59 f- • • •••• + 
B 0 -h B^ coa; 9 + % cos '29 +• B^ cos S # -f- • •'• ( e q . 1) 
M u l t i p l y each s i d e by s i n n 9 and i n t e g r a t e Over one c y c l e , 
o r 36.Q / sn<* o b t a i n : ^ : 
ZTT *1T~ 
fj s i n n9d9 = / ( ^ s i n n9 s i n 9 -/-AQ s i n n 9 s i n 29 -f-
A3 s i n n'9 s i n 39 -f- • •• -/- ' 
B. s i n n9-f- £*. s i n n9 cos 6 -f B ? s i n n9 cos 29-/-
B-z s i n n9 cos 59-/- • • • ) d 9 (eq * 2) 
*r By i n t e g r a t i o n i t i s s een t h a t f ( s i n n9 s i n m9)d9 i s z e r o , 
•^o * ^ 
u n l e s s n and m a r e e q u a l , and t h a t / ( s i n n9 c o s m9)d9 i s 
a lways z e r o ; t h e r e f o r e , e q u a t i o n 2 r e d u c e s t o 
tir 4ir 
J y s i n n9d9 = J ^ s i n ' n9d9 (eq* 3) 
By i n t e g r a t i n g t h e r i g h t hand-member we g e t : 
*TT ZJT 
f y s i n n9d9 - / L^ ( i - - i - cos 2n9)d9 
^n / - i 9 - _ 2 s i n 2n©7 




1 / y s i n n9d9 
Us? /» 
I n l i k e manner i t can b e shown t h a t : 
B n rr 
y cos m9d9 
( e q . 4 a ) 





The amplitude of any of the harmonics is V An ^ Bn * 
whereupon all An
ts or all ©n's cannot he made zero except 
some types of waves, 
; • . - • -
. • 
^ t ^ » U & * * 
•• 
' : • 
v y " • 
jim-
The a c t u a l i n t e g r a t i o n i s done mechan ica l ly . i&uppose the 
wave of Fig-are 55 i s t o he ana lyzed , ^ x i s i n t h i s case 
s e l e c t e d t o b e 1 Q Q * Then the cyc le i s d i v i d e d i n t o t h i r t y -
s i x equal p a r t s , and the t o t a l a rea under the curve i s : 
jfi 
(ji-t 7% -t 7% *T " * + fee) (eq . §•) . / y d© * iM* 
1 As A x
 = IT 
m 
^H^^^n^'^ ^^ Jl T&® - £ { 
• • ; ' " • • • • • • ' • - • • • ; 
By combining equa t ions 3 and 6, we g e t : 
An ' . 
(ec[v 6) 
^ | tJi V t | r f V * •;' • * T36 ' > Ceq, 7) 
fcere y1 = y s i n n© Also 
1 
B n 3S th"^;V*'V^v*-;t:%^. (eq-8) "36 
69 • 
H '. '.>• -i>. 
m-
m 
Where y" » y cos n9 
• • • ' " ' • • ' . . • " • . " " ' : 




« p i 
Tables have been prepared for the analys is 
of the wave of Figure 34, a mechanical enlargement of• wh^ch 
i s shown by Figure 35 / The wave of Figure 34 was obtained 
by making a t rac ing of the audio wave on i^xe screen of an 
osc i l lograph, k mechanical analysis of the wave was made 
with points taken every ten degrees* normally $$!?$ 90® 
or 3?§tP would be" "terctt&yigd, but as the curve did not cross 
the x-axis a t 180° the en t i r e sine wave of 360° was ana-
lyzed, Referring to the tab les at the end of th i s chapter, 
numbered Tables No, 1> 2 and 3 , the f i r s t column is the 
angle 0 taken a t 1 0 i n t e r v a l s . The second column ttyn 
is the ac tua l measurement along the y-axis of the curve 
corresponding to the angle '.©>" The th i rd column i s the 
sine of the angle &, The fourth and f i f t h columns are the 
r e s u l t of the mul t i p l i e at ion of columns two and three» In 
t h i s regard i t i s to be noted tha t the negative sign of y 
for the th i rd and fourth quadrants i s disregarded in deter-
mining y s in © of the fundamental^ as: !&^^.~^^^§m^^^0&. 
to obtain the t o t a l area under the curve; therefore, , the ' 
area taken when the curve i s below the x-axis i s added to 
that taken when the curve i s above the x~axis. The s ix th 
column shows the cosine of the angle ©, while the seventh 
and eighth columns show the r e s u l t of the mul t ip l ica t ion 
Of columns one and seven, .-..''. 
1388,61 ;•.•» 38.57 
36 
. i I • n 
70. 
B- 460.3,9 *• 606.00 * 45,61 1.27 
36 56 
^ 1 2 + - B 1 2 58.58 
fthe value, C-, , i s the t rue peak for the fundamental. I t i s 
to be noted tha t the cosine wave, B-̂ , i s p r a c t i c a l l y zero. 
The analys is for the second harmonic i s made 
as fol lows: 
&o = 565.2 - 60&.5 - 1.03 
B* 
36 
535.1 ~ 519.5 = 
36 
A 2 2 + B 2 2 
.77 
1.28 
Analysis for the th i rd harmonic i s also made: 
B-





. 9 1 
36 

















Higher order of harmonics than the third were 
not determined, because of the inaccuracies involved in ob-
taining the curve. These inaccuracies would arise in mak-
ing a tracing of "the curve, in making the mechanical en-
largement, and. also due to the fact that points were taken 
at only 10° intervals. In order to obtain accuracy for 
the higher order of harmonics, the points would have to be 
taken much closer together. It is noted that the second 
and third harmonics were relatively weak. It is believed 
that they would have been even weaker had it not been for 
the above mentioned inaccuracies in obtaining the curve. 
The final results are tabulated as follows: 
i 











H t o t 
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1 8 . 5 
5 2 . 0 
4 5 . Q, 
5 6 . 0 
6 5 . 0 
7 2 . 5 
7 6 . 5 
7 8 . 0 
7 7 . 5 
7 5 . 0 
7 0 . 5 
6 3 . 5 
55 . 5 
4 2 . 5 
5 0 . 0 
1 7 . 5 
4 . 5 
- 8 . 5 
- 2 1 . 5 
* 3 4 . 0 
- 4 7 . 0 ' 
- 5 9 . 0 
- 6 7 . 5 
s i n Q 
.0872 
. 2 5 8 8 
















- . 0 8 7 2 
- . 2 5 8 8 
- * 4 2 2 6 
- . 5 7 3 6 
- . 7 0 7 1 
- . 8 1 9 2 
PUTOAItglTAL WAVE 
y s i n £ 
•r 
. 52 
4 . 7 7 
1 3 . 7 
25.8 
39.5 
5 4 . 0 
6 5 . 5 
73.8 
7 7 . 5 
7 7 . 1 
7 2 . 3 
63*7 
5 1 . 9 
3,7*7 
^ 4 . 5 ' 
1 2 . 6 5 
4 . 5 
.39 
. 74 
5 . 5 4 
1 4 . 3 5 
2 6 . 9 
4 1 . 6 












- . 0 8 7 2 
- . 2 5 8 8 
- .4226 
• • • . - - . • • • 
- . 5 7 3 6 
- . 7 0 7 1 
- . 8 1 9 2 
- . 9 0 6 3 
- . 9 6 5 9 
- . 9 9 6 2 
- . 9 9 6 2 
V * . 9 6 5 9 
- . 9 0 6 3 
- . 8 1 9 2 
- . 7 0 7 1 
- . 5 7 3 6 
y cos Q 
fc* 
5 .99 
1 7 . 8 
2 9 . 0 
3 6 . 8 
3 9 . 5 
3 7 . 8 
3 0 . 5 
1 9 . 7 
6.8 
, • 
6 . 7 5 
1 9 . 4 
2 9 . 7 
3 6 . 3 
3 7 . 8 
3 4 . 7 
2 7 . 2 
1 6 . 9 
4 . 4 8 
8 . 4 5 
20*75 
3 0 . 8 
3 8 . 4 
4 1 . 5 
3 8 . 6 
• -. - « . • > « & • » • -
as* 
• ' : ' • •'•'••'• - ' • ' • ' . '•'•'•:• l^£^p!t^:^^%£rtf0^ 
Table 1 
M 
- - " • ' • • J t i < 5 * ^ -










FCTMDMEIT'ML WAVE ( C o n t i n u e d ) 
-73*0 
- 7 6 . 5 
-77*0 
- 7 6 . 0 
- 7 1 . 5 
- 6 5 . 0 
- 5 7 . 0 
- 4 7 . 0 
- 3 7 . 0 
- 2 6 . 5 
- 1 6 . 0 
- 5 . 0 
s i n Q 
- . 9 0 6 3 
- . 9 6 5 9 
- . 9 9 6 2 
- . 9 9 6 2 
- . 9 6 5 9 
- . 9063 
- . 8 1 9 2 
- . 7 0 7 1 
- . 5 7 3 6 
- . 4 2 2 6 
- . 2 5 8 8 
j s i n § 
6 6 . 1 
7 3 . 8 
7 6 . 6 
7 5 . 6 
6 9 . 0 
5 8 . 8 
4 6 . 6 C 
3 3 . 2 
2 1 . 2 
1 1 . 1 8 
4 . 1 3 
- .0872 .44 
1 3 8 8 . 6 1 
-
• • : : ; • ; • • • 
..5 
cos 0 
- . 4 2 2 6 










J COB © 
30.8 
2 0 . 5 
6 . 7 
6 . 6 
1 8 . 4 
2 7 . 4 
3 2 . 6 
ms< 
3 0 . 2 
2 4 . 0 
15*4 
4 . 9 7 
75 
4 6 0 . 3 9 5 0 6 . 0 0 
-
t ; • ' • • ; • ' ; • • • • / • / - , - • • . : • - • - • • 
"Table, g. 
. .- ft^CCTD HAEIONIQ, 





30 .5 ©*»• 
25 
35 









90 1.0 56.0 














1 4 5 
1 5 5 





7 6 6 
9396 
13.6 
53.5 270 -1.0 
42.5 290 -.9396 
30.0 310 -.766 
17.5 550 - . 5 
4*5 350 -
-8 .5 370 
195 -21.5 
2 0 5 -54.0 410 
215 -47.0 430 
1 7 4 
,766 
,9596 
2 2 5 
255 
-59.0 450 1.0 










15.5 - .985 















8 6 6 
985 
985 




7 6 . 










4 . 4 
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v f alDle 2 
77. 
SECOHD, EABMOTIG (D on t l i m e d ) 
& 
9 7 29 sln> 2© y sin 
+ 
29 cos 29 y cos 
-/-
29 
245 -73.0 490 .766 55.8 -.642 46.8 
255 -76.5 510 .5 38.2 -.866 66.0 
265 -77.0 530 .174 13.4 -.985 75.8 
275 -76.0 550 -.174 13.2 -.985 74.7 
285 -71.5 570 -.5 35.7 -.866 61.9 
295 *-65.0 .590 - .766 49.7 -.642 41.6 
305 -57.0 610 -.9096 53.5 -.342 19.5 
315 -47.0 630 -1.0 47.0 .0 .0 *o 
325 -37.0 650 -.9396 34.8 .342 . . 12.6 
335 -26.5 670 -.766 20.2 .642 17.0 
345 -16.0 690 -.5 8.0 .866 13.8 
355 -5.0 710 -.174 .8 .985 4.9 







9 y 39 sin 3© y s in 39 cos 39 y co 
j , , -f — -h 
5 6. 15 .2588 1.5 .9659 5.8 
15 18.5 45 .7071 13.0 .7071 13.a 
25 32.0 75 .9659 30.8 .2588 BS 
35 45.0 105 .9659 43.5 -.2588 
' 
45 56.0 135 .7071 39.5 -.7071 
55 66.0 165 .2588 17.0 -.9659 '-;•."' ' 'S-**?^* 
65 72.5 195 -.2588 18 .7 -.9659 
75 76.5 225 -.7071 54 • 0 -.7071 
85 78.0 255 -.9659 75 .2 -.2588 
95 77.5 285 ~.9659 74 .8 .2588 20 .0 
105 75,0 315 -.7071 52 .9 .7071 53.0 
115 70.5 345 -.2588 25 .2 .9659 68.0 
125 63.5 375 .2588 16.4 .9659 61.3 
135 53.5 405 .7071 37.8 .7071 37.8 
145 42.5 435 .9659 41.0 .2588 11.0 
155 30.0 465 .9659 28.6 -.2588 
165 17.5 495 .7071 12.4 -.7071 
175 4.5 525 .2588 1.2 -.9659 
185 -8.5 555 -.2588 2.6 *.9659 8.2 
195 -21.5 585 -.7071 15.2 -.7071 15.2 
205 -34.0 615 -.9659 32.8 -.2588 8.8 
215 -47.0 645 -.9659 45.4 .2588 
225 -59.0 675 -.7071 41.6 .7071 




THIHD HAEMONIC (Continued) 
9 y 30 sin 30 y sin 30 cos 30 y cos 50 
+ — 4- ,— 
245 -73.0 735 .2588 18.8 .9659 70.7 
255 -76.5 765 .7071 54.0 .7071 54.0 
265 -77.0 795 .9659 74.3 .2588 19.9 
275 -76.0 825 .9659 73.3 -.2588 29.6 
285 -71.5 855 .7071 50.5 -.7071 50.5 
295 -65.0 885 .2588 16.8 -.9659 62.7 
305 -57.0 915 -.2588 14.7 -.9659 55.0 
315 -47.0 945 -.7071 33.2 -.7071 33.2 
325 -37.0 975 -.9659 35.7 -.2588 9.5 
335 i -26.5 1005 -.9659 25.6 .2588 - 6.8 
345 -16.0 1035 -.7071 11.3 .7071 11.3 
355 -5.0 1065 -.2588 1.3 .9659 48.4 
556.5 589.3 540.9 613.3 
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